-;_-.‘El:"?m

tt':"d' =

BH
oo o

WORKSHOP ON SMALL-SCALE FOOD PROCESSING CONTRIBUTING TO
FOOD SECURITY

Small-scale agroprocessing: three case studies
George Breag, Richard Marder, Alan Marter and Tony Swetman

Background
Agro-processing in developing countries

AjgToprocessing is of major imporiance in most developiog countres and in the majority of sub- Saharan
Africa berwesn one and two-thirds of value-sdded manufacturing is based on agricultural mw materials,
iJaffes and Morton ,1995). Technology development (TD), can contribute 1o the growth of agroprocessing
which in turn piays a major role in generating value added 1o agricultural raw materials. ‘With careful
targeting and the involvement of likely users of the technology. TD can be effective in the generation of
liveliboods for poorer commumnities.

‘What is techoology development

TD is defined here (after Appleton, 1993) as any change in sialls, techniques, processes, squipment, type
or organisation of production which helps people 1o cope with, of take advantage of particular
circumstances. It therefore encompasses all aspects of technology transfer

Constraints

It may often be most effective to leave TD to the private sector. However, in developing conntnies there
are a number of constraints which may inhibit private secior activity, and which may therefore imply a
role for government and/or donor agency activiry, These constraints include:

. indigenous imventors may not have the wechaical and financial resources 1o withstand the risks of
new product development;

. whilst the female work force may represent a good market for technologies, cultural and
institutional constraints may create barniers 1o realising market potengal;

. inadequate fows of information between and within developing countries may limit the capacity
10 upgrade technology;

. resources and technical skills may be lacking that are required in order 10 adapt technologies that
have been developed to suit conditions in Northern economies;

. the private sector is reluctant (o take up opponunities whose profil margine are modest, and ar
where markets are distant; and,

. the private sector may face difficulties in convincing credit agencies of the viability of the
CHOieTprise.

The above are drawn on firsthand experience of the authors and include adapiations of Jeans et al |
(1991).



Although there is a case for TD supported by government and’or donor activity, the achievements of such
inierventions have ofien been modest. Expenence suggests that limited success in TD may arise from a
number of factors - the constrained resources available in developing countries; the fallure lo use , or use
effecuvely, tocls required in the TD process (eg technology adaptation, market assessment, financial
appraisal etc); and the characienistics of government and/or donor bodies. The tme scale for effective TD
may often have been underestimated, and donor or government policies may change, 1o the possible
detriment of ongoing TD programmes.

The following case studies illustrate that careful application of appropriate 1oals and suppart can result in
successful TD imitiatives. The focus is upon relatively low cost technologies targeted upon poarer
communities, with a specific emphasis upon women,

Case Studies on small-scale agroprocessing operations
Persimmon drying in Pakistan

This project involved the development and evaluation of suitable methodologies for drying perstmmon
fruit to test the feasibality of small-scale and lasger scale commercial production through on-farm research
trials. Three methods were evaluaied: raised trays , o sclar box and permanent larger scale brick-built
solar drver.

The fruit, cultivation and rraditional processing,

Persimmaon onginates in China and is referred to as the “apple of the orient”. There are 400 species, of
which the most impartant is DiospyTos kaki , commonly known as the Japanese persimmaon or kaki, The
fruits vary in shape and colour and are classified broadly inte two major groups: non-astringent and
astringent varieties.

In Pakistan D kaki is cultivated primarily in the North-West Frontier Province (WWFP), mostly in
Malakand, Peshawar and Mardan Divisions with the Swar District being the major production area (Table
1). It was introduced 1o the region 20-30 years ago and the majority of varieties found are astringent, have
a dry and bitter tasie until they ripen. When fully mamre the firuit has a wough, glossy orange -red skin and
a yellow orange flesh which is sweet and juicy.

Table 1. Persimmon production in the Malakand Division.

District Area  Production
(ha) 4]
Malskand Agency 87 689
Swat 142 3 060
DCrr 63 07
Chitral 2 24
Malaksnd Division 154 4 280
Peshawar Division - 3120
Mardan Division - 1 043

Source: NWFF Agriculmeral Stanstics 1989-90

The fruit is grown in orchards or as garden fruit, where the bulk is consumed in the home, The largest
archards are 6 ha (with 500-800 trees), genernlly managed by tenant farmers, but smaller orchards of 1-2
ba (30-150 trees) are aften owned by farmers. The majority of the larger scale farmers sell the product on



a contract basis. The contracior harvests, packages and sells the crop. Some smaller scale farmers
harvest and sell the fridt themsslves at the local market, if 8 good price cannot be obtained from the
EORIrACiOr. ﬂmwmmdﬁm“mﬂumﬁmwmmmm
shelf-life. (Marder, . C. and Schoemaker, A , 1993},

In China and Japan persimmaon is sun dried on large scale by hanging bunches from bamboo poles after
sulphur dicxide weatment (Kitagawa and Glucinn 1984, Sweedman 1985). In Pakistan, persimmon has
not been dried in the past, however many other fruits and vegetsbles, particularly apricots, are
traditionally dried, particularly at household level for siorage and fiure use during winter months. These
food preservation activities are primarily the responsibility of women.

Collaborators
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Womer's Programme and last, but most importantly, with groups of farmers and women. The Natural
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Intercooperaion.
On-farm Trigls
Trials were conducted at selecied sites, including:

- A large farm with an archard of 200 trees. The farmer usually sold the frurl on a contract
hasis.

* A small farm with an orchard of 40-50 trees. The farmer occasionally sold his fruit on &
contract basis but normal practice was to harvest and sell the fruit himself through the local
markeis or his own shop,

. The home of a female householder selacted with the assistance of the Fruit & Vegetable
Development Board,

Thres methods were tested and evalzated and a simple financial analysis completed for each of the
methods - sundrying on raised tray, small scale golar drying in a woodsn boo, and large scale solar drang
in a specially constructed brick dryer. The method of production recommended was:

* 1o harves: (the fruit when they are under-ripe, almost fully yellow with a slightly gresn colour,

but seill frmg;
. to wash, peel and cut it Imerally,
" mpum&“twﬂh:mluumufm:t&biﬁdphmtﬂm&imamupuda.ppca:m;m:.hm
® to dry the fruit.

All three methods employed proved technically and financially feasible and have been adopted at pilol
scale by various farmer and household groups However the small solar box was found to be particularky
suited to househald production, producing a good quality swest product, and offening good protection from
rain, dust and insecis.

The ahernative to drying fruit is 1o sell fresh persimmons. To cover the equivalent value of fresh frut
sales would require minimum prices of 21, 26 and 27 rapees per kg of dried product for each drying
method respectively (Table 2).




The appropriate pricing niche for drigd persimmaons is considered around that for apricots. The relative
prices derved from the alizrnagve drying technologies compared to wholesale price levels for apricots
(Tahle 3}, indicate that a feasible marke! opportunity exists.

Initial market testing was conducted by distributing suitably packaged samples of approcimately 200 g
throughout the drisd fraif markets and shops in Islamabad, Rawalpindi and Peshawar, These were met
with encouraging interest and optimism with regards the sale in local markets with traders and
shopkeepers alike confident they could sell the product. On the consumer side most people actually
expressed a preference for the dried fruit over the fresh persimmon.  Further marketing activities have
estahlished a number of retail cutlets for the product,

Case fa} Conclusions

Apart from the technical and financial viability which was demonsmrated through the execution of a
carefilly planned programme of work, the principal ingredients for the successful adoption of the
technology were 3 clearly identified need, a0 established market infrastraciure which was already trading
in dry fruits, selection of a simple and relishle method of production maximising the use of locally
available matenials of construction, an excelient local collsborating crganieation with a strong extension
service and commitment (0 swocesd.

Small-scale solar drying in Uganda

Having identified a niche market n the United Kingdom for dred oot and vegetables, swtable
methodologies for drving of fruit were developed and tested through on-farm ressarch trals.
Subsequently & core of farmer groups were trained in commercial fruit drying operatons and the
production of items for export from Uganda to the UK market

Drying fruit, a real need

In Uganda, surplus fruits and vegetables can be dried to reduce wasie and provide a means of additional
income for farmers, Although there are several methods of preservation - canning, freering and artificial
drying - simple drying techniques are the most sppropriate for application in rural farming areas which
have limited technical, financial and managemeni resources (Anon,, 1993). Scope and nesd for the
application of simple solar dryers was identified and an NRI-modified solar cabinet dryer was buikt
locally.

Collabovators

The work undertaken by MRI was in close collaboration with the Fruts of the Nile (U7 Lid, the Kawanda
Agricultural Research [nstitute, and the principal project participants - the dryer groups - which
subsequently formed the team which provided dried product for sale. Inputs wens also made by various
NGOs and Government Departments .

On-farm Trials

Following an NRI technical, financial and socio-economic evaluation of locally built dryers introduced
by the Fruits of the Nile and the Kawanda Agncultoral Research Siation, modifications were made to the
existing sysiems which doubled throughput and consistently produced good quality fruit and vegetables,
The type of dryer used is shown in Figure I and was successfully adopted by the drying groups for the
manufacture of dried sliced pineapples, bananas, mangoes, tomatoes and mushrooms.



Table 2. Persimmon drying costs

Method Rassed rack Wooden box Brick dryer
Throughput (K&}

Fresh peeled frut 100.0 140.0 15000
Diried fruit yield 250 350 37150
Capital costs (Rupses)

Investowent 3100 1 260.0 1% 1000
Capital/costyear 62.0 1520 30200
Variahle cos, per year (Rupees)

Preparyiion 150.0 2100 3 150.0
Pretreatment 50,0 2100 22500
Production cost pes year (Rupess)

Total 3610 6720 75200
Per kg dried fruit 14.5 19.2 20.1
Farmgate price for fresh fruit (Rupees)

Farmers carmings B1.3 115.5 1 13540
Diry frust equivalent 6.6 6.6 6.6

Break-cven prce of dried fruit (Rupees)
21.1 pif.’ 26.7

Rmdgmmguumﬂamhw-mmmlﬁwuss-
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Market Analysis

mwmmhpﬂnuﬂmﬂﬁNu{mnwpﬂhwmwhhmmanmmﬂﬂmmu
detailed in Table 3.

Table 3. Whalesale and retail dried fruit prices in Pakistan, October 1991

Product Whalesals Regadl
Prics Price

Apricots
Afghan 12 NA
Local 18 108
Dates 18 40
Figs 12 108
Raisins 40 120
Flums 15 120

(Marder, RC. and Schosmaker, A., 1993)



The work was conducted by drying groups, mostly household and women's groups, who were ideally
suited to this kind of small-scale income generation activity. The paricipants were selected by local
organisations in consultation with the Fruits of the Nile

Financial Analysis

The financial analysis of the four systems for drving pineapples as a base case 15 given below (Table 4),
Four dryers were evaluated: a Fruits of the Nile (FON) drver; a Kawanda cabinet dryer:: a chamber and
chimney dryer; and an NRI modified Kawanda cabinet dryer..

Table 4. Summary of financial and sensitivity analysis for the four dryery

FON Kawanda Chamber WRI modified
Cabinet Cabinet & Chimney Cabinet

Tis ‘Olhs ‘Dos THls
Capital ma 153.2 37619 390.0
Life yrs 5 3 15 5
Base case
NPY 115. 5 =409 75,0 224.%
RR (%) 25 30
Payback yrs 3 3
Sensitivity analysis
UIZME Capacity (increasing quantity of fresh fruit loaded onto drying trays) = 25%

TG 539 | 427.9 6249
IR.F. (%) 55 25 13 63
Fresh frunt price - 25% |
NPV 2546 =169 4392 458,13
[RR (%) 41 12 50
Fresh frant price + 50%
NPV =l&l.5 =156.6 =2 9035 1379
Transport cost x 4
NEV -5 =177.4 i85
RR 18
E.R:Fl.tll cost - 13%

1792 =51 315.1 3124
IRII. (%) 19 12 L]
Payback yrs 2 & 2

Maone: All costs are given in USh (Ugandan Shillings)

The analysis shows that for the base case costing. and for most of the sensitivity analyses applied, the
onginal Kawanda cabinet dryer has a negative NPV, indicaning that it is unlikely to be financiafly viahle
under most circumstances. The other dryers all had positive NPV under the base case costing, with the
NRI modified Kawanda dryer having the highest [RR. The reason for this was that the capacity of the
dryer was doubled at a small additional cost. As shown in the sensitivity analysis, increasing the capacity



af the dryer i.e. Mngur&nhﬁmlmuedrmmmdmﬁnmmn#Eﬁdﬂhn All the dryers
have a long payback period (3 yum.ajrhnughthj.iumﬂ:nd.tf:aﬁmlmmm lower.

Market Prices and transport of dried frait

Th:mmtynndym:hnﬂ:lnﬂ?indmm:h-nmplnufﬁmﬂ'ui:pﬂmnnd:u:\iuhlhwufd:m
OpeTaticns. Lmﬂmnqumiﬂpanit}'“ﬂlhinlh:ml]nrﬁldlpﬂudﬂ;mpmﬂﬁ pwo distinct
advantages. First the price of fruit is lower in such areas and second it is less subject 1o seasonal
Tuctiatians. Mindimm:nrpﬂm:ﬁﬁ:mndﬂsmlmummppl:pﬁminxmpﬂamm
ahave those in the major growing area, Kayunga.

Tmmmmmﬂdﬂﬂﬁmtmmﬂmﬂmwaﬂmhw:mimaﬂmmbm. However, as shown
in the sensitivity analysis, wm:v:wmwmmnmmamﬂq,nﬂ
produces a positive NPV for the WRI modified drier.

Case (b)) Conclusions

product needed to be optimised. ammmmmmmmﬁmm:mg
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pm:ﬂu.m:mﬂcahmndmrspmadtuh::mrmmmrh:mhhighuuuﬂﬂunulnﬂmpmﬂ
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i1s sheer scale (in excess of 300 1onnes per AnOum}, means that Ugandan exports can continne to grow via
expansion of markel share. thw;mmhwﬂlmunﬁmdq:nﬁmmﬁnmgpﬁmmmpuimamuﬂ
quuaﬁwmﬂrmuﬁarﬂ:mﬂﬁn fruits and vegetables supplied. From the outset the
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Household coconut processing in Tanzania

Mmmlhmwmﬁdﬂ:ﬂmhﬁu The traditional processes
muhﬂmﬂmhwmmmmmmmﬁwmmmﬁmmuﬂ
extraction. Thiltjp:nfl:ﬁﬁtri!mndnﬂnduh:hﬁvﬂrbfm for whom il represents an important
source of income and househald consumption. Yet a significant concentration of effort on the
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The approach

Coconunt processing was the focus of research and development undertaken by MRI in collaboration with
the Natwonal Coconut Development Programme (NCDP) in Tanzania. Home production of coconut milk
{which is oil-rich) and oil was estimated 1 account for 50% of Tanzania's domestic supplies of oil. The
estimated one million women engaged in this activity kave very limited funds (o invest in improved
equipment, and rarely have access 1o electricicy.

A participatory approach to slep-wise Improvements in exdstng odlseeds processing medhods was judged
mast likely to identify and promote improvemenis in the traditionn] coconut process that would be
acceptable 1o the target groups, even if such improvemenis were modsst in enginesring terms,

The rradirional process

The traditional coconut grater used in Tanzania is known as an "Mbuzi® and consists of a fixed grater
blade mounted on & stool. The operator sits on the stool and nibs half cocomut kernels still in the shell
against the blade. The gratings are squeezed by hand, with water, 3=4 times. The resultant milk is lefi o
stand to allow some separation of the oil and water, with the cily cream then skimmed off and botled o
get nd of the remaining water.

The women found the grating arduwous and ime-consuming, and it gave them chest pains. Some
complained about the squeering process too. The income generated was important, but they woild have
prefierred fo sell their oil af high off-season prices, bt this is prevented by the need for immediate income,
and deterioration of cil during storage, Moreover, the traditional process only extracts about 50% of the
wvailable oil.

Scope for improvements

These were identified &s; making the grating operation less arduous; more efficient pressing methods (o
replace manual squesring of coconub/water mixtures, further processing to produoce oil from the coconut
residue; and improved odl storege.

Fleld trialy

Graners - Vanous grater types (stirmup operated, cycle operatad, and a table-mountsd rotary graier) wers
tried by women to sslecied villages, and fesdback obtained from group mestings. In close consultation
with the women processors the design of a six-bladed rowary grater was introduced o Pande and Madanga
villages, Tanga Area, Nonhern Tanzania. Chl yields were 8-207% higher (because the grater vielded finer
gratings which contnibuted to more efficient oil extraction) and the grating speeds were 1.6-3.3 tmes
fasier. All women interviewed expressed preference 1o the rotry grater expiaining that it was less
ardusus to use and that it did not give chest and back pains assoctated with traditional grating.

Table 5. Mustration of potential Minancial benefit from use of rotary grater.

Cocomut price 20 Tsh/mui
Oil price 400 Tshilitre
Batch size 12 s
Mbuz oil yield 0.75 litresbatch

Rotary grater vield iocrease = over 10%6
Returns per bach,

bz 60  Tsh

Raotary % Tsh
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The cost of the grater is about UK£S, Efforts are now focused on the encouragement of more widespread
mmmmwmmwnﬂﬂwdwmtmwmmﬂm
gralers.

Storage - Although conssderation was given 1o low cost means of improving storage (storage in clean dry
battles, in a cool dark place), for most processors, the main constraint to this s e need for immediate
income. As a consequence, a decision was taken not focus on this aspect of the process.

More efficient pressing methods to replace manual squeering - Very litthe work was done on this aspect of
the process, because preliminary research indicated that the cost of innovatve technology i this area, was
likely 1o be too expensive for the (argel group,

Rmpmm—“’nmm‘:pnmmﬂhKuhhmguﬁmlpndluﬁmi‘i'm'tﬁmup.bmhmﬂthI
were involved in the testing of ram presses 1o extract the oil from dried pressed coconut gratings calied
"machicha®, mpmmhmwyhyu&mmmmmmmm
Technology (CAMARTEC), and NGOs were seeking to introduce the presses (o women's groups, as an
incoming generating activity. The machichs in Tanzania is mostly discarded and eaten by poultry,
althoogh there is an tntermurtent and small demand for graungs, for oil extrachon using expellers (for
goap manufpcture, since the odl from the old, dirty pratings would be rancid).

Using figures for throughput (4kg machicha/ hour) and cal recovery (37%], based on field trials with
women's groups, 1 litre of oil per bour can be obiained.

Assuming that the ram press would only be operated for 4 hours per day, although higher levels of
aperation would not be unreasonable, Table 6 summarises the potential financial bepefits from ram press
operation, using fleld data obtained in Jamuary 1995,

Table 6. Mustration of potential benefits from using the ram press.

Cost of ram press in Zanribar: 68,000 Tsh

Machicha 40 kgh

Oil yield 0.37 kg oilkg machicha
Cperation 40 biday

Machicha oil pnce 400  Tshilitre
Machicha price 25  Tshkg

Payback periods:

Assuming free machicha 29 days

and labour donated by women's group

Asguming machicha @& 15 Tsh per kg 35 days
and labour donated by women's group

Case (¢) Conclusions

Tt was concluded that the real participation of the user groups was key to the development and subsequent
adoption of the technology. The iterative approach of field trial, monitoring and modification allowed the
women's concerns 1o be addressed, and permutted the development of technologees approprise to the
resources and constraints they face.



Addinonally privale workshops wers involved from the outsst, and as the project progressed, the
workshops interacted directly with potential clients and MCDP's role diminished,

Sieps are now being taken 1o dissemminate the findings through a project entitled "Improving small-scale
extraction of coconut odl” which invelves collabormtors from Cote d'Ivodre, Ghana, Tanzania, Indiz, Sri
Lanks and Indonesia.  The Asian Pacific Coconut Commumnity and the Afncan Oil Palm Association are
fo be involved in dissemination within the Asia Pacific and African regions respectively.,

Dverall Conclusions

The impartance of careful targeting, assessment of financial viability, and scope for marketing of curputs
are all evident in the case smdies. Whilst these requirements are obviows enough, they are often
overfooked in TD projects. An important component in project design is the establishment of clear and
effective monitoring systems that produce a flexible approach - allowing modifications o be made (for
example in response to hardware problems) or adapang to changing external circumstances (for example
changes in government policy or demands for more stringent product standards). The mos: important
#mmfnrmh&dmhmhmmufpntudﬂmﬂﬂmlugyﬁnm&emmmm
process.

Om the basis of firsthand experience of a number of commercialiv-criented projecis i is chear that many
would benefit from access 1o both ischnical and fnancial advice and asgstance. Unfortunately this is not
oficn available. especially for the poorer sectors such as amisanal food processing enterprises which are
often operated by women in both urban and rural aress. This emphasises the impornance of effective
dissemination strategies that can maximise the impact of any given TD initiative
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